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ASSIGNMENT FOR STUDENTS: Ski resorts across the country use a standard
system to describe the increasing difficulty of their slopes: green circles, blue
squares, black diamonds. But how do they really compare? What ski
mountain will have the steepest trails, on average? Which ski mountains tend
to underrate their trails, which tend to overrate their trails?

GIS Task: Use your GIS skills to link ski trails on a given mountain to slope
angles measured from a Digital Elevation Model (DEM). Find and download all
necessary data.
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Methods: Digitizing Trails
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Methods: Digitizing Trails

(1) Raster Classification

Combine Ortho-
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Maps
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Methods: Slope Statistics...

Zonal Statistics using Trail Shapefiles
and ArcGIS Slope Map (slopes based
on 3 x 3 cell neighborhoods)...

...Statistics for all pixels underneath
trail types...

Mad River Glen, VT

MEAN MIN MAX STD DEV

Novice 15.62 6.08 35.93 4.70
Intermediate 17.50 2.57 31.94 4.86
Expert 23.88 1.51 38.64 6.12
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Weste k Mts.

| generally have steeper
| ski trails for all difficulty S

levels, especially the
black diamonds...

Slope (degrees)

Eastern Ski Mts.
generally more variable,
some hold their own in
comparison to Western

Mts., some clearly
lower...
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Alternative Method for Slope Calculation...

Mt. Snow, VT

Simpler approach...
For all trails, compare
overall vertical drop (its rise)
with its total horizontal
length (its run)...

...Calculate average ‘trail length’
slopes for all trail types...

**Note that this only makes sense if the
trail has a consistent decrease, which is
usually the case for downhill skiing.

Rise

Run



Why the Different Slope Method?
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Easy trails tend to ‘contour’ more and may be parallel to or completely offset
from local slopes, depending on the value...



Results

Zonal, Slope Pixel Averaging
Approach (solid) vs. Trail Rise/Trail
Length Approach (dashed)

...As expected, the difference
decreases with difficulty (i.e. it
becomes more straight downhill)
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Effect of DEM Source and Resol_qtion...

Mt. Snow (NED vs. SRTM)
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Student Example...

Slope assessment of the ski trails at
Mad River Glen. Vermont
Thomas Sibley

Unexpected lower slopes overall are possibly due to being too liberal wath traal
areas and including zlopes near the top and bottom of ifts. It may also be do
to long, flatter runouts to the lifts for some trails that swing wider around the
mountain. The verv high mamimum slopes for novice and intermediate trails
are hikely due to the problem of incorrectly calculating slopes for traverses
where a flat, groomed, lower slope trail 15 actually made across hillzlope or cut
into it.

I made binary raster images for each level of trail difficulty and then ran
zonal statistics on each raster. Due to this method, standard deviation 1=
actually the standard deviation of each pixel (approx. 9m by 9m) for the level

MEAN MIN MAX STD DEV

Movice 15.62 6.08 35.93 4.70
Intermediate 17.50 2.57 31.94 4.86
Expert 23.88 1.51 38.64 6.12
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Student Example...

N
Ski Slopes at Stowe Mountain Resort, Vermont !
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